Abstract Twenty maize landrace accessions regenerated and conserved in five maize genebanks were investigated for genetic integrity using 1,150 Single Nucleotide Polymorphisms (SNPs) and 235 SNP haplotypes. The genetic diversity of three accessions changed significantly in terms of the average number of alleles per locus. Ten out of twenty accessions had significantly different SNP allelic frequencies, either after regeneration or in the same accession held in different genebanks. The proportion of loci with significant changes in SNP allelic frequency was very low (37/1,150). Changes in the major allelic frequency (MAF) for the majority of SNP loci (60.2-75.2%) were less than 0.05. For SNP haplotypes, the genetic diversity of four accessions changed significantly in terms of average number of haplotype alleles and polymorphic information content (PIC) per locus. The proportion of SNP haplotype alleles lost in the later generations ranged between 0 and 22.6%, and at the same time 0-19.9% of the SNP haplotype alleles appeared in later generations, however, these were absent in the earlier generations. Dynamic changes in genetic integrity, in terms of presence and absence of genes (alleles), by both SNP and SNP haplotype analysis were detected during regeneration. A suboptimum number of ears harvested in one generation can be combined with those from another, repeated regeneration to capture the diversity of the previous generation. Use of molecular markers during regeneration of accessions can help in understanding the extent of genetic integrity of the maize accessions in ex situ genebanks and in recommending the best practice for maintaining the original genetic diversity of the genebank accessions.
Introduction
Maize, which originated in southern Mexico, is one of the most important crops in the world. Seed multiplication and regeneration of the original landrace accessions has been performed in ex situ genebanks to fulfill seed requests for further characterization and for use in breeding and research. In the course of seed preservation for the active collection, if seed viability of the accessions drops below 85% germination or the number of seeds falls below 1,500, the accession is regenerated ). The diverse phenotypes and widely differing adaptations of the races of maize and local cultivars are often constraints to regeneration (Taba and Twumasi-Afriyie 2008) .
Reducing and managing the loss of genetic integrity of the conserved germplasm during regeneration is an important objective of maize genetic resource conservation programs. The management of seed accessions in different maize genebanks can lead to differential loss of genetic integrity. Identification and rationalization of duplicate accessions in genebanks requires information on the genetic integrity of the accessions. To recommend better practices for maintaining panmictic populations of maize accessions, several studies on genetic integrity during seed multiplication and regeneration using molecular makers from other seed or clonally propagated crops can be useful to compare with those of maize genebank accessions.
The total number of maize and wild species accessions currently held in trust at the International Maize and Wheat Improvement Center (CIMMYT) genebank is 27,441 and this is increased each year with new introductions. Most accessions are maize landraces (24, 191) ; however, breeding lines, gene pools, populations and cultivars, and teosinte are also preserved in this ex situ collection. In CIMMYT, collection of germplasm accessions and gene pool enhancement are carried out to promote use of maize genetic resources, towards the ultimate goal of developing improved cultivars. The original maize collections date back to the 1940s, when some 2,000 Mexican accessions were collected and the races of maize in Mexico were studied. Accessions collected from the US National Research Council (NRC) were regenerated several times and the original seed stocks are no longer available. The current seed sources have undergone several generations of seed multiplication. At present, a few seed stocks of only two or three generations are available for comparing genetic integrity. Efforts to regenerate endangered, national seed collections of maize in Latin America started in 1993 and have continued to present (Taba et al. 2005) . CIMMYT introduced new accessions and curated some for which seed was in short supply. Seed lots were introduced and regenerated at CIMMYT or at other genebanks. In some instances, the same accession went through several regeneration attempts with limited success. Different seed sources of the same accessions can be compared if they are genetically different. In this project, the cooperative banks of CIMMYT were the banks of the International Institute of Tropical Agriculture (IITA, Nigeria), the Autonomous National Institute for Agricultural Research (INIAP, Ecuador), the Brazilian Agricultural Research Corporation (EMBRAPA, Brazil), and the National Institute for Investigation in Forestry, Agriculture and Fishery (INIFAP, Mexico) .
Previous studies using molecular tools have been performed on the genetic integrity of genebank accessions of some crop species during regeneration. Börner et al. (2000) studied the genetic integrity of eight wheat (Triticum aestivum L.) accessions conserved in the Gatersleben genebank and regenerated up to 24 times using 9 wheat microsatellite markers; they concluded that microsatellites can be used as a simple and reliable marker system to verify the integrity and genetic stability of genebank accessions. The genetic integrity of 6 accessions, represented by 14 sub-populations of the open-pollinating species of rye (Secale cereale L.), was investigated using 10 rye microsatellites (Chebotar et al. 2003) and found that 4 accessions had significantly different allele frequencies and nearly 50% of alleles identified in the original samples were lost in the regenerated samples. However, some alleles detected in the most recently propagated sub-populations were not observed in the investigated plants of the original seed stocks (Chebotar et al. 2003) . Work by van Hintum et al. (2007) used Amplified Fragment Length Polymorphisms (AFLPs) to show that the distribution of genetic diversity in a Brassica oleracea collection was related to the effects of regeneration, and argued that accessions with similar levels of differentiation over generations may be combined safely. Also, in a Brassica oleracea collection, Soengas et al. (2009) investigated the effect of regeneration on the genetic integrity of 3 accessions based on 25 simple sequence repeats (SSRs) and found that there were significant changes in the population structure and the allelic frequency at individual loci due to the action of genetic drift, directional selection, and possibly assortative mating.
Molecular characterization of germplasm accessions is a useful tool for better management and to study genetic diversity and integrity of conserved germplasm. The new molecular marker system, known as single nucleotide polymorphism (SNP), is widely used in different crops (Rostoks et al. 2006; Hyten et al. 2008; Muchero et al. 2009 ), including maize Lu et al. 2009; Yan et al. 2009 Yan et al. , 2010 . It is highly polymorphic, evenly distributed, co-dominant, accurate, reproducible, highthroughput and cost-effective. SNPs are regarded as the ideal marker system for research which includes genetic diversity analysis, linkage map construction, QTL mapping, and marker-assisted selection (MAS; Yan et al. 2010) . In previous studies, a limited number of molecular markers and accessions were employed to analyze the genetic integrity of the crop species mentioned above. Thus, these studies may not reflect the whole picture of genetic changes at a genome-wide level. Few studies of genetic integrity in maize genebank accessions have been reported. In the present study, we genotyped 2-3 comparable generations of twenty maize accessions conserved in five genebanks with a custom GoldenGate assay containing 1,536 SNPs well distributed across the maize genome. The objectives were to detect genetic differences between the comparable generations of the genebank accessions and to investigate the effect of regeneration in different environments and by different genebanks on the genetic integrity of maize accessions.
Materials and methods

Plant material and DNA isolation
Seed stocks for the accessions in this study were collected from the CIMMYT maize genebank. The original reference seed sources were the introductions from the cooperative genebanks to the CIMMYT maize genebank. The subsequent generations were the seed accessions regenerated either at CIMMYT or received from the Latin American cooperative genebanks, where regeneration of the same accessions was carried out during the cooperative maize germplasm regeneration project during 1993 (Taba et al. 2005 ). The same maize accessions which were regenerated in different times and locations in Latin American maize genebanks were compared for their genetic integrity. The earlier generations (cycles) were recorded as generation 1 and the later generations (cycles) were recorded as generations 2 and 3 (Table 1) . Among the accessions included in the present study, with respect to the genebank accessions (Table 1) 2 ) were grown in 16 rows 5 m long, with a spacing of 75 cm between rows. Artificial pollination was carried out by chain crossing, using each plant as a male and female. At least 100 ears were represented in the next generation. The number of seeds of each ear is balanced in making the seed bulk for genebank storage. Seed accessions with records of the number of ears in regeneration were included in this study as much as possible for investigating the effects of sampling size on the genetic integrity of the accessions. The detailed history and passport information of the accessions can be found in Table S1 .
In the screenhouse at El Batan, CIMMYT, 200 seeds of each generation were sown during AprilMay 2009. Depending on seed germination of the accessions, 120-135 seedlings (5-6 leaf stage) per generation were used for DNA extraction. DNA was extracted using a CTAB procedure (CIMMYT Applied Molecular Genetics Laboratory 2003). Each Yan et al. (2009) where a total of 943 SNPs with high quality and minor allelic frequency greater than 0.05 were obtained. To develop the OPA used in this study, the 943 high quality SNPs were combined with 593 SNPs selected from the Panzea database (www.panzea.org) on the basis of a designability score higher than 0.5. Designability scores were provided by the Illumina Company, and a score greater than 0.5 indicates that a SNP has a relatively higher probability of success when used in a GoldenGate assay. A total of 382 bulked samples were genotyped using this OPA. SNP genotyping was performed using the Illumina BeadStation 500 G (Illumina, Inc., San Diego, CA, USA) at the Cornell University Life Sciences Core Laboratories Center using the protocol described by Fan et al. (2006) . After SNP genotyping, allele calling and further analyses were carried out as described in Yan et al. (2010) .
Haplotype analysis
The 1,536 SNP reference sequences were used to carry out a BlastN search against the maize accessioned golden path (AGP) version 1 for B73 (http:// www2.genome.arizona.edu/genomes/maize; Schnable et al. 2009 ). The top blast-hit was considered with an e-value threshold of e -18
. A total of 1,420 unique SNPs out of 1,536 have been mapped in silico onto the maize genome, excluding the ones with unknown locations and multiple hits to the genome.
Only 1,150 polymorphic SNPs with good quality and less than 20% missing data were used for final data analysis. A total of 1,116 from 1,150 SNPs were mapped in silico onto the maize genome. The relative distance for each SNP was summed and SNPs developed from the same genes were assigned to a uni-locus. A total of 701 uni-loci were identified and 466 SNPs were found unlinked to other SNPs. Remaining SNPs formed the linked groups of two or more SNPs from contiguous DNA sequences, which constituted 235 loci. SNPs from the same locus were grouped into haplotypes that were recorded as alleles; in this way, each locus could have multiple alleles, increasing the information content of the markers. If the genotype of any SNP at a locus was missing in a sample, the locus was regarded as missing an allele in that sample ).
Data analysis
Summary statistics for genetic diversity were calculated for each generation of the accessions using the software PowerMarker V3.25 (Liu and Muse 2005) . The parameters included average number of alleles per locus, observed heterozygosity, gene diversity (expected heterozygosity), number of heterozygous loci, polymorphic information content (PIC) and pairwise F-statistics. Gene diversity was calculated at each locus as 2n (1 -
where n is the sample size, p u is the frequency of the uth allele, and f is the inbreeding coefficient estimated from genotype frequencies (Weir 1996) . PIC was used to refer to the relative value of each marker with respect to the amount of polymorphism exhibited, as described by Botstein et al. (1980) . F-statistics developed by Wright (1965) are a very useful measure of population subdivision, of which Fst describes the amount of inbreeding-like effects within subpopulations. Allelic frequencies at each SNP locus were calculated and compared between the comparable generations of the seed origins by year in the same accession. The probability of allelic frequency change of individual loci after regeneration was detected using Fisher's exact test (Mehta et al. 1984) . The null hypothesis was rejected at P B 0.05.
Genetic distances, based on allelic frequencies (Nei 1973) , were calculated for pair-wise comparisons between generations using PowerMarker V3.25 to detect how far they had diverged from each other. We constructed the dendrogram using the unweighted pairgroup method with arithmetic averages (UPGMA) (Sneath and Sokal 1973) .
Results
Performance and characterization of SNPs
In our OPA, 1,303 SNPs were successfully called in 382 samples with reliable scores and less than 20% missing data, including 153 monomorphic SNPs across all seed accessions. A total of 1,150 polymorphic SNPs were used for further analysis. The number of SNPs per chromosome ranged from 64 (chromosome 9) to 187 (chromosome 1) (Table 2) , and 34 were mapped onto contigs of unknown location. Details of all 1,150 polymorphic SNPs are given in Table S2 . The table shows 701 loci representing 1,116 SNPs with physical distance information, within which 466 loci contained only one SNP and the remaining 235 loci contained two or more SNPs. Haplotypes were constructed from the loci with more than one SNP (Table 2 ). In the 382 samples, the 235 SNP haplotypes had a total of 2,116 alleles ranging from 2 to 60 alleles per locus.
Molecular diversity and genetic distance among generations of each accession For 20 accessions from 5 different genebanks, the average number of alleles per locus, average observed and expected heterozygosity and the numbers of heterozygous loci in each generation are shown in Table 3 . In general, the average number of alleles per locus, the number of heterozygous loci and the average observed and expected heterozygosity decreased in the later generations of the accessions; however, no significant difference was observed. On the other hand, the average number of alleles per locus between both generations of seed origins was significantly different for the accessions ECUA497, from INIAP, and NAYA1 and NAYA29, from INIFAP.
A dendrogram of genetic distances among the different generations of seed origins was constructed to investigate the divergence (Fig. 1) . Those of the same accessions were clustered together in the closest branches. The smallest genetic distances of the same accession were obtained from accessions in INIAP, which were 0.0044, 0.0048, 0.0046 and 0.0056 for ECUA553, ECUA937, ECUA497 and ECUA443, respectively. The greatest genetic distances were obtained in the accessions NAYA29, from INIFAP, GUER 5, from CIMMYT, and BEN-RB 89-428, from IITA, which were 0.0313, 0.0395 and 0.0301, respectively.
Estimation of genetic distance concurred with the pair-wise Fst values (Table 4 ). The pair-wise Fst between the two generations of ECUA553 from INIAP had the lowest value (0.0083) amongst all pair-wise Fst values. This corresponded with its genetic distance (2011) 58:189-207 197 between the two generations, which was also the lowest among the genetic distances between the generations in all accessions investigated. The maximum pair-wise Fst value (0.1467) was obtained for the accession GUER 5, from CIMMYT, which had the largest genetic distance between two different generations of seed origins.
Allelic frequency changes of SNPs among generations
The number of polymorphic loci and the average major allelic frequency (MAF) changes between the two comparable generations of all accessions are shown in Table 5 . The smallest MAF changes were obtained for the four accessions from INIAP, all of which were less than 0.04, and the average MAF changes were 0.03 for all accessions in this genebank. The largest MAF changes were detected for GUER 5, from CIMMYT, with an average of 0.093. The INIFAP accessions had the greatest average MAF changes (0.062) amongst the five genebanks. Most of the markers had MAF changes between 0 and 0.05 in all accessions, and the number of markers decreased continuously from the range 0-0.05 to 0.45-0.5 amongst the five genebanks (Fig. 2) . Significant difference (P = 0.05) in allelic frequencies of each SNP between the two generations of the accessions were detected and are listed in Table 6 . No significant SNP frequency change was detected for nearly half of the accessions studied. They comprised 4 accessions from INIAP, 1 accession from EMBRAPA, 3 accessions from INIFAP, 1 accession from IITA and 1 accession from CIMMYT. A total of 37 SNPs with significant allelic frequency changes were detected for the other 10 accessions. The SNP number within them ranged between 1 and 11 in each accession from four genebanks (Table 6 ). In 25 out of 37 SNPs, MAF increased to 1 and heterozygosity decreased at the same time in later generations. The reduction of MAF from 1 to 0.5 was also observed in some cases, which was accompanied by the increase in heterozygosity (Table 6 ).
Allelic frequency changes of SNP haplotypes among generations SNP haplotypes were also used to characterize the average number of alleles and PIC per locus for each generation (Table 7) . In general, no significant difference for the average number of haplotype alleles per locus was identified between the earlier and later generations, except for one accession (ECUA497) from INIAP and two accessions (NAYA1 and NAYA29) from INIFAP. The average number of haplotype alleles per locus ranged between 1.47 ± 0.05 and 2.03 ± 0.06 in the earlier generations of BEN-RB 89-84 and NAYA29, respectively. The average number of haplotype alleles per locus increased in 9 accessions and decreased or remained the same in the other 11 accessions in the later generations, compared to the earlier ones. For two accessions (NAYA1 and NAYA29) from INIFAP, and one accession (PUEB 42) from CIMMYT, the PIC per locus changed significantly between the generations of seed origins. No significant change of PIC was detected in other cases. The increase in PIC value was observed in 8 accessions, whereas for the remaining 12 accessions, it decreased or remained the same in later generations of seed origins. Haplotype allele numbers for the generations ranged from 345 to 478. The earlier generation of the accessions BEN-RB 89-84 and NAYA29 had the minimum and maximum haplotype allele numbers, respectively. The proportion of haplotype alleles lost in later generations ranged from 0 to 22.6%. In addition, 0-19.9% of haplotype alleles was detected in later generations but absent in earlier generations. In 12 cases, the proportion of haplotype allele numbers lost in later generations was more than those that increased. On the contrary, it was observed that in 11 cases haplotype allele numbers increased in later generations which was more than those that lost haplotype allele numbers. The only accession that did not change its haplotype allele number of each locus was ECUA443 from INIAP (Table 7) .
Discussion
SNP markers can be used to detect the genetic integrity of maize accessions
A large number of SNP markers are available for many plant species for genome-wide fingerprinting. In addition, a wide range of technologies for highthroughput SNP analysis have been developed (as reviewed by Gupta et al. 2008) . The GoldenGate assay SNP detection technology of the Illumina Company has been applied widely in genetic analysis, as described in the introduction. In this study, it has been shown that the 1,536 SNP-OPA was successfully used in genotyping maize landraces. A total of 1,150 polymorphic SNPs of high quality and well-distributed across the genome were observed in 382 samples investigated in the present study. Previous studies had shown SSRs as being highly suitable for studying the genetic diversity of crop germplasm (Liu et al. 2003; Reif et al. 2004) , or for verifying identity and genetic integrity of collections in genebanks (Börner et al. 2000; Chebotar et al. 2003; Soengas et al. 2009 ). Compared with SSRs, SNPs are amenable to very high-throughput genotyping and high-density coverage, and are cost-effective. Furthermore, SNPs are the most abundant type of genetic variation within genomes (Zhu et al. 2003) ; there is on average one SNP for every 44 bp in maize (Gore et al. 2009 ). Hamblin et al. (2007) found that multi-allelic SSR markers are likely to be more informative than bi-allelic SNPs when performing analyses on genetic diversity and relatedness; however, using high-density SNP markers can compensate for this shortcoming (Lu et al. 2009; Yan et al. 2010) . Yu et al. (2009) estimated that the power of 1,000 SNPs was similar to that of 100 SSRs for evaluating population structure and relative kinship. On the other hand, haplotypes combining information from several SNPs within the same gene or locus may provide a partial solution to the disadvantage of SNP markers, when used in diversity analyses (Hamblin et al. 2007; Yan et al. 2010) . It is suggested that the combined use of both SNP genotypes and haplotypes in genetic diversity analysis can be more powerful than using SNP genotypes alone.
Most recently, Yan et al. (2009) compared the genetic identity of 21 CIMMYT maize lines (CMLs) derived from CIMMYT with the same name but maintained in different labs for more than 20 years using an Illumina GoldenGate assay with 1,536 SNPs. It was found that for some of the ''same'' lines, the ratio of mismatched SNP markers reached up to 20%. This implies that in maize, an out-crossing crop, it is very difficult to completely maintain the genetic identity and SNPs were a useful tool to detect the identity. In this study, SNP markers and SNP haplotypes were employed successfully to investigate the genetic integrity of maize maintained in different genebanks. The similarities and differences of accessions maintained in different genebanks were estimated and compared, providing some useful information for future maize germplasm conservation and utilization.
Genetic diversity and allelic frequency of individual loci can change significantly after regeneration
In this study, changes in genetic integrity, in terms of average number of alleles per locus, observed heterozygosity, and PIC for almost all accessions, including some significant changes with some accessions in genebanks of INIAP, INIFAP and CIMMYT (Tables 3, 7) , were observed during regeneration. In general, regeneration of genebank accessions reduced genetic diversity (Soengas et al. 2009 ); however, in the present study this did increase in some accessions, (2011) 58:189-207 201 although this increase was not always significant (Tables 3, 7) . By using both Nei's genetic distance and pair-wise Fst, a similar pattern of genetic differentiation among generations was detected. Relatively higher genetic distance and Fst values among the different seed generations of NAYA29, GUER 5 and BEN-RB 89-428 may indicate significant loss of genetic integrity. In the present study, changes detected in genetic integrity, in terms of presence and absence of genes (alleles) by both SNP and SNP haplotype analysis, were dynamic during regeneration. The largest change of average MAF was more than twice that of the smallest change. The majority of loci had MAF changes less than 0.05 between the two generations of all accessions from the five genebanks. Ten of the twenty accessions investigated showed significantly different allelic frequencies between the two generations. Compared to studies in other species, loci with significant changes were very few in the present study. Previous studies found that changes in allelic frequencies after regeneration were substantial in barley (Parzies et al. 2000) and rye (Chebotar et al. 2003) . In B. oleracea, the proportion of alleles in some regenerated accessions showed significant differences, up to 34%, compared to the original ones (Soengas et al. 2009 ).
The different heterozygosity for some loci and number of heterozygous loci between the earlier and later generations in this study may be due to inbreeding or genetic drift. The effect of inbreeding can be reduced by maintaining an equal or larger effective population size during regeneration. The initial level of heterozygosity of maize landrace accessions would influence the success in maintaining their genetic integrity during regeneration. Genetically uniform accessions may be impacted less by a small effective population size. On the other hand, highly-diverse germplasm accessions would need a large effective population size: a large number of plants (more than 100) and paired crosses, using one plant as male or female to increase effective population size (Crossa 1989; Crossa et al. 1994) .
The observed differences of allelic frequencies in this study may be due to several factors. Firstly, a rare allele can be lost in either the sampling or propagating stages of the regeneration cycle. The small size of the regenerated population can result in bottlenecking, coupled with a loss of alleles. Secondly, allele detection, especially for rare alleles, largely depends on the sample size analyzed. In the present study, we assayed only 8 or 9 bulked samples of 120 or 135 plants. This may mean that rare alleles are possibly not detected. Furthermore, even though the bulking of In addition, significant changes in allelic frequency of individual loci can be caused by genetic drift, as explained by van Hintum et al. (2007) and Soengas et al. (2009) . We found cases where frequencies of major alleles increased to 1 and lost heterozygosity at the same time. This indicated possible genetic drift or directional selection on these loci at pollination that could have been performed among the plants flowering at the same time. To investigate the effect of pollination during regeneration, we checked the loci for significant allelic frequency changes to confirm their relationship with functional genes or QTLs associated with flowering time. used joint linkage analysis of a maize NAM (Nested Association Mapping) population, which is based on about 5,000 recombinant inbred lines (RILs) from 25 diverse inbred lines crossed with B73. Thirty-six and 39 QTLs (occupying 47 genome-wide QTL regions using a window of 10 Mb) were identified that explained 89% of the total variation for male flowering and female flowering, respectively. A total of 19 SNP loci (occupying 16 QTL regions) with significant allelic frequency changes in our study were found in or close to (\10 Mb, *10 cM) the 47 QTL regions associated with flowering time reported in (Table 6 ). More than 57% (16/28) of the SNP loci with significant allelic frequency changes detected in the present study were within the flowering time QTL regions, which is significantly greater than the ratio of random QTL distribution in chromosomes (20%; 47/230). Further studies are needed to identify the potential genes causing the changes; however, present results provide some evidence that the mating system in regeneration may affect the maintenance of genetic integrity. The reduction of MAF from 1 to 0.5 was also observed in our results. This may be due to contamination with foreign pollen and/or seed or handling errors.
Strategies for genetic resources conservation and regeneration
The frequency of regeneration should be minimized, as it can cause the loss of genetic integrity of an accession. Several theoretical studies have been carried out to provide simple, efficient sampling schemes and optimal sample size for regeneration and maintenance of crop species based on the statistical model and population genetics theory (Crossa 1989; Crossa et al. 1994; Wang et al. 2004) . Regeneration proceeded well at CIMMYT. The accessions which were poorly adapted to the experimental facilities will require appropriate regeneration sites at cooperative genebanks. Artificial pollination is the most common method for accession regeneration and multiplication in maize genebanks. Chain crosses use a plant as female and male while paired crosses use a plant only once as female or male. When a large number of accessions are regenerated, chain crosses are usually used as they are cost effective. However, it should be noted that the effective population size is near half that of a paired cross (Crossa et al. 1994) . To avoid genetic drift and inbreeding, an equal and large effective population size (at least 100 ears at harvest) throughout generations is recommended. In recent years, all landrace regeneration has been conducted at CIMMYT with a goal of 100 ears by chain crosses (half sibs). If a generation of the accession represents fewer than 100 ears at harvest, a repeated regeneration is attempted for the same accession in the following season to reach the required number. IITA accessions were regenerated at CIMMYT repeatedly from the same seed origins (Table 1) . A suboptimum number of ears harvested in one generation can be combined with another repeated generation to capture the diversity of the previous generation. We observed significant losses of genetic diversity in some accessions (i.e. ECUA 497, NAYA 1 and NAYA 29) after regeneration. For these accessions, the number of ears harvested in some generations was less than 100, sometimes even less than 50. This may be one of the reasons for significant changes in genetic diversity. The population genetics theory of sampling a practical number of ears at regeneration (Crossa 1989; Crossa et al. 1994) ensures that the genetic integrity of the accessions in genebanks will be maintained. The SNP loci, with significant changes between generations in relation to flowering time, could indicate that there may have been assortative mating (e.g. early flowering plants mate with early flowering plants; late flowering plants mate with late flowering plants) which can cause a loss of genetic integrity. Further molecular studies are suggested to inspect the on-going practice of regeneration of maize genebank accessions. Regeneration of a landrace accession or other heterogeneous populations in different maize genebanks over many generations can lead to genetically different accessions of the same name due to the change in genetic integrity in time and location. It is recommended to keep a record of duplicate accessions among the genebanks and it is suggested that perhaps the genetic diversity of the original collection cannot be maintained by only one genebank, but rather should be conserved by collaborative genebanks. During the ex situ maintenance of an open pollinating species like maize, the division of the genebank collection into base and active storage can reduce the risk of genetic changes. Core subsets are formed to maximize the efficiency of germplasm evaluation as well as genetic diversity in a collection. A target of good regeneration practice should be to not lose useful alleles during regeneration. When considering the size of the maize genome, the number of loci investigated in the present study is quite limited. With next-generation DNA sequencing technology (Shendure and Ji 2008) , it will be feasible to sequence any maize genotype of interest and the sequence of the whole genebank collection may be accessible. Enhanced sequencing throughput available in the near future may uncover the huge diversity present in the genebank accessions. At that time, the real ''gene'' or allele bank will be constructed. Fingerprinting of genebank accessions can help manage genetic integrity of the germplasm accessions as well as the molecular diversity of maize cultivars.
